SUMMARY Eighty-two cases of protracted diarrhoea in infancy presenting over a 6-year period have been analysed, with particular reference to diagnosis and management. The patients fell into 1 of 2 categories according to whether a specific diagnosis was established or not. A diagnosis (category 1) was established in 59 (72 %), the commonest diagnoses being coeliac disease (33 2 %), secondary disaccharide intolerance (12 2 %), and cows' milk protein intolerance (11 3 %). Other diagnoses included primary sucrase-isomaltase deficiency, Shwachman's syndrome, ulcerative colitis, ganglioneuroma, defective opsonization, staphylococcal pneumonia, and Hirschsprung's disease.
(category 1) was established in 59 (72 %), the commonest diagnoses being coeliac disease (33 2 %), secondary disaccharide intolerance (12 2 %), and cows' milk protein intolerance (11 3 %) . Other diagnoses included primary sucrase-isomaltase deficiency, Shwachman's syndrome, ulcerative colitis, ganglioneuroma, defective opsonization, staphylococcal pneumonia, and Hirschsprung's disease.
Despite intensive investigation a diagnosis could not be established in 23 (28 %) infants (category 2). Age of onset of symptoms in this group tended to be earlier than in category 1 patients, and 6 (7 %) presented with diarrhoea dating from birth. Of particular interest in these 6 patients was the high incidence of associated extraintestinal anomalies, and of sibs who had died after protracted diarrhoea dating from birth. 4 of these 6 infants died, accounting for a mortality of 5 % for the whole series. The remaining 17 (21 %) patients in category 2 presented at a mean age of 4 9 weeks with a range of 1-18 weeks. All these 17 patients made an excellent response after institution of a chicken-based dietary formula, the details of which are presented. The pathophysiological mechanisms which may be operating in infants with protracted diarrhoea are discussed.
An infant presenting with protracted diarrhoea and failure to thrive often presents major problems in diagnosis and management, particularly if the patient's general condition precludes intensive investigation. There have been very few reported series of protracted diarrhoea in infancy, and in each report the numbers of patients have been small, varying from 10 to 20 cases (Avery et al., 1968; Hyman etal., 1971; Lloyd-Still et al., 1973) . Mortality rates of 45 % (Avery et al., 1968) and 70% (Hyman et al., 1971 ) reflect the difficulties in management which these infants pose, and the nonresponsiveness to dietary treatment in patients in whom a specific diagnosis cannot be established has been emphasized.
We report 82 infants with protracted diarrhoea, paying particular attention to the differential diagnoses, and to the management of those patients in whom a specific diagnosis could not be established.
Results
The patients fell into one of two categories according to whether a specific diagnosis was established or not. Category 1 consisted of 59 (70%) patients in whom a diagnosis was established, and category 2 the remaining 23 (28%) infants in whom no cause for the diarrhoea could be established.
Category 1 patients. The age of referral to us and the diagnoses in category 1 patients are shown in Table  1 . The commonest diagnoses were coeliac disease Category 2 patients. In the 23 patients in whom a firm diagnosis could not be established, the age of onset of symptoms tended to be earlier than in category 1 patients, and 6 presented with diarrhoea dating from birth (see Table 2 ). These 6 infants 
Discussion
It is our experience and that of others (Avery et al., 1968; Hyman et al., 1971 ) that infants with protracted diarrhoea often present major problems in diagnosis and management. Because of delays in referral to experienced centres, the condition of the patients often precludes intensive investigation and an empirical approach based on theoretically possible diagnoses is necessary. Nevertheless, it should be stressed that every attempt to exclude medical and surgically remediable causes (see Table 3 ) should be made. In our series 3 -6 % of patients had an underlying surgical cause for their protracted diarrhoea, compared with 10% in the reported series of Avery et al. (1968) .
In category 1 patients the three commonest diagnoses were coeliac disease, secondary disaecharide intolerance, and cows' milk protein intolerance. In 5 patients the latter diagnosis was made retrospectively when milk was reintroduced after a 2-to 3-month period of treatment with the chickenbased formula. The general condition of many of these infants on referral was so poor that the possibility of precipitating severe crises by cows' milk challenges was not considered to be justified. A variety of other diagnoses was established such as primary sucrase-isomaltase deficiency, Shwach- (Soothill and Harvey, 1976) , and staphylococcal pneumonia (Harries and Francis, 1968) . The opsonizing capacity of the serum of infants with protracted diarrhoea in whom a specific diagnosis is not immediately apparent should be assessed, since therapy with plasma infusions may result in prompt and complete control of the diarrhoea; defective opsonization may be a commoner cause of protracted diarrhoea than has been hitherto supposed, particularly when the diarrhoea is associated with frequent infections and eczema. The most severely affected patients were those in category 2 who presented from birth. 4 of these 6 infants died, a mortality rate of 5% for the total series of 82 patients. Of particular interest in this group was the high incidence of sibs being similarly affected with protracted diarrhoea dating from birth, and the associated extraintestinal anomalies. 2 of the patients who died were sibs and both had absent corpora callosa. 2 others had sibs who had died at 1 week and 8 months after birth; 1 of these had a right dysplastic kidney and the other a 'tissue paper' like skin which exfoliated at intervals of 2 to 3 weeks. The latter patient was the infant with hypoplastic villous atrophy of the small gut as described in the results section. None of the 6 infants in this group had any of the currently recognized inborn errors of absorption, but the familial pattern of severe watery diarrhoea dating from birth may indicate a genetically determined disorder of fluid and electrolyte absorption. There was no clinical or laboratory evidence of intrauterine infection, and no history of intestinal disease in the parents.
Finally there were the 17 infants in category 2 who had remained perfectly well until a mean age of 4 -9 weeks, presenting usually with acute diarrhoea with or without vomiting. These were all extremely ill and marasmic on referral, and had previously been unsuccessfully treated with a variety of dietary formulae on the assumption of diagnoses such as cows' milk protein intolerance and/or disaccharide intolerance. All responded promptly to our protocol using a chicken-based feed (details in Appendix B), and were able to return to a diet containing cows' milk approximately 3 months later. 5 infants who originally fell into category 2 were subsequently proved to have cows' milk protein intolerance after a period of successful treatment on the chickenbased diet, and were therefore transferred to the diagnostic category 1. Intolerance to cows' milk protein may result in acute or more insidious and chronic symptoms (Kuitunen et al., 1975) , and for this reason it is our policy to delay reintroducing dietary gluten until after the successful reintroduction of cows' milk protein (see Appendix B). In this series a delayed response to cows' milk protein was not seen in any infant, and all are currently receiving a normal diet except for 1 patient who remains on a gluten-free diet awaiting a gluten challenge. From our series and those of Avery et al. (1968) (Harries, 1971; Hyman et al., 1971; Lloyd-Still et al., 1973) . Complications of parenteral nutrition, however, are far more likely to occur in severely malnourished infants, particularly septicaemia and hypophosphataemia (Harries, 1974) . Hypophosphataemia may result in haemolytic anaemia, and peripheral hypoxia leading to convulsions and sometimes coma (Jacob and Amsden, 1971; Silvis and Paragas, 1972) , and may also result in defective phagocytic function, and thus predispose to sepsis during parenteral nutrition (Craddock et al., 1974) . The somewhat traditional concept of 'resting the bowel' of infants with diarrhoeal states continues to be attractive, but there is no good evidence that this approach is therapeutically beneficial. On the contrary, there is now good evidence that intraluminal substrates exert a trophic effect on the small intestinal mucosa and that this effect may be mediated by certain gastrointestinal hormones such as gastrin (Johnson, 1976 (Harrison et al., 1976) . In this context it is of interest that 4 of our 17 patients who presented after birth had reduced levels of serum IgA. As an entity, transient gluten intolerance (Walker-Smith, 1970) has not been unequivocably established, but it is our impression that infants with protracted diarrhoea benefit from temporary withdrawal of dietary gluten. Other foreign proteins such as soy bean protein may also play an aetiological role in some infants (Ament and Rubin, 1972) .
Bacterial overgrowth of the small intestine is now established as a common phenomenon in infants with protracted diarrhoea in both the developing (Gracey and Stone, 1972; Heyworth and Brown, 1975) and developed (Gracey et al., 1969; Challacombe et al., 1974a, b) parts of the world. Both anaerobic (particularly Bacteroides) and aerobic (particularly E. coli and Klebsiella pneumoniae) species have frequently been isolated. These observations may indicate that bacteria, the toxins which they elaborate, or the 'toxic' products which they generate as a result of metabolism of intraluminal substrates may be of pathophysiological importance. For example, a variety of anaerobic bacteria possess enzymes which catalyse the deconjugation and 7-o-dehydroxylation of bile salts resulting in the production of free dihydroxy bile acids such as deoxycholate and chenodeoxycholate. In the experimental animal, deoxycholate inhibits the absorption of fluid and electrolytes in both the small and large bowel and in the jejunum inhibits monosaccharide absorption and mucosal (Na +-K +)-ATPase activity. At high concentrations this bile acid produces gross structural abnormalities of the jejunal mucosa Sladen and Harries, 1972; Guiraldes et al., 1975) . Deoxycholate and other free bile acids are present in the duodenal contents of some infants with protracted diarrhoea (Gracey et al., 1969; Challacombe et al., 1974a; Schneider and Viteri, 1974) , and may contribute to the pathogenesis of the diarrhoea. In addition to bile acids, bacterial production of hydroxy fatty acids may also contribute to the diarrhoea (Bright- Asare and Binder, 1973; Ammon et al., 1974) . A variety of toxins elaborated by bacteria commonly found in the duodenum of infants with protracted diarrhoea (e.g. E. coli, Kleb. pneumoniae, Staph. aureus, Clostridium perfringens) inhibit fluid and electrolyte transport in the small gut of the experimental animal (Sullivan and Asano, 1971; Field, 1974; McDonel, 1974; Elias and Shields, 1976; Klipstein et al., 1976) .
Further studies are required to clarify the pathophysiological mechanisms which operate in infants with protracted diarrhoea. We speculate that in a proportion of affected patients an acute infective insult renders the small intestine susceptible to intolerance of foreign proteins and/or bacterial colonization, and that this sequence of events is important in the pathogenesis of the diarrhoea and malnutrition. Malnutrition, whether primary or secondary to infection, probably plays an important pathophysiological role.
Initial assessment (i) Clinical. Historical evaluation of onset and duration of symptoms; relationship between withdrawal and/or introduction of different dietary constituents; family history of gastrointestinal disease; presence of blood and/or bile in vomit; presence of blood and character of stools; frequency of extraintestinal infections; details of pregnancy and birth with regard to intrauterine infections and asphyxia; clinical assessment of degree of dehydration and nutritional status, and careful examination of the abdomen and anorectal region.
(ii) Laboratory. Haemoglobin, white blood cell and platelet counts; blood urea, plasma electrolytes, and acid-base status; plasma glucose, calcium, and magnesium, and serum proteins; blood cultures and clotting studies as indicated; stools for microscopy, culture, and reducing substances; urine for microscopy and culture, and amino acid chromatography. Erect and supine plain films of chest and abdomen. Subsequent assessment When a specific diagnosis was not immediately apparent, and when the infant's general condition had stabilized the following investigations were performed in all cases: serum immunoglobulins, folate, cholesterol, and iron; plasma amino acids and organic acids; plasma and urinary catecholamines; 1 1-oxygenation index of urine; barium meal and follow through; sweat test; opsonizing capacity of serum. Serum trace metal levels (particularly zinc and copper) were determined in patients referred during the past 6 months.
The following investigations were performed only in those infants where they were considered to be indicated; barium enema, rectal pressure studies, sigmoidoscopy, and rectal biopsy; jejunal biopsy for histology and disaccharidase assays; duodenal intubation for pancreatic enzymes If there is a family history of coeliac disease or if onset of symptoms followed the introduction of gluten-containing foods into the infant's diet, then it is our policy to perform a small intestinal biopsy before and after a gluten challenge 1 to 2 years later (Packer et al., 1974 374, 375, 376, 377, and in Table 3 (corrected version published below) were incorrect from the decimal point being sited one place to the left, resulting in the figures given being 10 times too small. 
